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Introduction
Landslides, flooding, and erosion are among the most threatening natural hazards in tropical and sub-tropical countries (e.g. Petley et al. 2005 , Miner & Villagran de Leon 2008 . Soil bio-engineering techniques are considered important tools to combat erosion, shallow land-slides, bank instability, desertification, and drought (Schiechtl & Michaelsen 1985) . Gray & Sotir (1996) provided evidence these techniques contributed to soil strength, with positive influences on geotechnical, hydrological, and hydraulic soil characteristics. Lasting beneficial effects on soil physical and chemical properties were reported in other studies (e.g., Schwarz et al. 2006 , Moscatelli et al. 2009 . It is clear soil bio-engineering methods are a low cost, environmentally conscience, and effective solution for even large-scale erosion control, and riverbank and slope protection.
Soil bio-engineering has been implemented frequently in Europe (Evette et al. 2009 ), and has also been successful in developing countries, including Nepal (Florineth 2004, Ghimire & Karki 2004 , Lammeraner et al. 2005 , Acharya & Lammeranner 2011 , Rauch et al. 2011 ), Brazil (Sutili et al. 2004 ), Colombia (Rivera & Sinisterra 2006) , Ethiopia (Reubens et al. 2007) , and Nicaragua (Petrone & Preti 2008 , 2010 .
Once soil bio-engineering techniques are defined, appropriate plant species selection is based on the following factors: (i) function plan (catch, armour, reinforce, anchor, and support or drain, among other components); (ii) site characteristics (physical environment, climate, soil type, moisture conditions); and (iii) regional economic and social criteria (e.g., Rossi Pisa et al. 1999 , Reza Pezeshki et al. 2007 , Preti & Giadrossich 2009 , Acharya & Lammeranner 2011 , Osman & Barakbah 2011 .
In the framework of the "Disaster Risk Reduction in Santo Domingo de los Tsáchilas" (EU-DIPECHO) project, the present study tested the suitability of autochthonous species, recommended by local residents and experts, to establish soil bio-engineering installations in Ecuador. Our project was characterized by a strong involvement of local communities, as we shared with local people the choice of the experimental site, soil bioengineering installations, and all monitoring procedures; we also trained people to soil bio-engineering techniques. We think this is vital because local people are one of the stakeholders, and this involvement makes it their project.
Study area, experimental design, and monitoring procedures
The town of Santo Domingo is located in Santo Domingo de los Tsachilas Province ( Fig. 1 ) in north-central Ecuador, at 655 m a.s.l. The climate is sub-tropical, air temperatures range from 18 to 26 °C, and annual precipitation is 4260 mm, which peaks in January and April; 6.5% of the area is tropical forest, 62.9 % pasture, and 30.9 % cultivated lands. The region is prone to natural hazards, particularly landslides, which often cause human life casualties. Road interruption is common, complicating emergency medical and evacuation measures. Pastures are often on steep slopes, increasing the risk of massive erosive processes (Petrone & Preti 2010) .
Assessment of soil bio-engineering installations was conducted at several urban and rural area sites in Santo Domingo. Here we report the results obtained from the experimental site "San Miguel de Lelia" (lat. 0°20'08" S, long. 79°00'05" W, 870 m a.s.l.), which was chosen based on the local community's perception of the project uti-iForest (2013) 
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lity, site accessibility, and on-going erosional processes.
The experimental area (86 x 26 m) is located on an east-southeast facing re-profiled road slope (inclination: 36°), with high subsurface water availability. Soil is silty-clay sub-alkaline (pH 6.1) with low organic matter content (1.1%), NH4 = 6.8 ppm, P = 4.7 ppm, and K = 0.65 meq/100g (Fig. 2, Fig. 3,  Fig. 4) . We involved the local communities and experts to provide the following criteria to choose appropriate plant species for this bioengineering assessment (Petrone & Preti 2005 , Petrone & Preti 2008 ): (i) autochthonous plant species, with high potential for propagation from stem cuttings; (ii) wide tolerance to variable soil conditions; and (iii) moderate size at maturity. Local people were also involved and properly trained for the experimental design, soil bio-engineering installation, and monitoring procedures. This activity took place in the framework of a cooperative agreement with the local institutions.
The following species were tested: Brugmansia versicolor Lagerh (Solanaceae, local common name: Guanto - Fig. 5) ; Euphorbia cotinifolia L. (Euphorbiaceae, local common name: Lechoso - Fig. 6) ; Malvaviscus penduliflorus DC. (Malvaceae, local common name: Cucarda -Fig. 7) ; and Trichanthera gigantea (Humb. & Bonpl.) Nees (Acanthaceae, local common names: Nacedero, quiebrabarriga, inchabarriga - Fig. 8 ). All species have been used for many years by the local population.
Plant species performance was assessed in a live palisade experiment constructed with local bamboo (caña guadua), and grass transplants at the San Miguel de Lelia experimental site (Fig. 2, Fig. 3, Fig. 4 ). One hundred cuttings from each species were planted in July 2010, using standard planting techniques. Plant cuttings were collected in the immediate surroundings. Initial cutting length was the same (60 cm) for all species. Average stem diameter for each species was as follows: B. versicolor 27 ± 9.27 mm (mean ± standard deviation); E. cotinifolia 33 ± 7.04 mm; M. penduliflorus 19 ± 5.06 mm); and T. gigantea 32 ± 7.37 mm. At three dates (August, September, and December 2010), the following traits were measured: survival rate (sprout percent from cuttings); terminal shoot length; and stem diameter at terminal shoot base. Terminal shoot length and stem diameter are considered important traits that correlate with root system development, and therefore reflect plant capacity to serve as soil reinforcement (Duryea & Dougherty 1991) . (Lammeraner et al. 2005) . E. cotinifolia is naturally distributed on welldrained soils; therefore the low survivorship (41%) can likely be explained by quite high subsurface water content on the experimental slope. Average terminal shoot length and stem diameter values are reported in Tab. 1, and a box plot comparison is given in Fig. 9 and Fig. 10 . M. penduliflorus exhibited the highest vegetative performance in shoot length and stem diameter (i.e., greatest shoot length and stem diameter increases). Results indicated notable within-species variability for both traits in B. versicolor, which will be investigated in a future trial. A non-parametric Kruskal-Wallis test was performed, which detected significant differences (P < 0.05) among species in terminal shoot lengths. Post-hoc comparisons were subsequently conducted using Least Significant Difference (LSD) criterion. Results showed significant (P < 0.05) differences between B. versicolor, and E. cotinifolia and M. penduliflorus; and between T. gigantea, and E. cotinifolia and M. penduliflorus. Kruskal-Wallis test results also showed significant differences (P < 0.05) in shoot diameter among the four species. However, post-hoc LSD comparisons only revealed a significant difference (P < 0.05) between E. cotinifolia and T. gigantea.
Conclusions
Our short-term assessment provided a practical assessment of local species suitability for soil bio-engineering work in the Santo Domingo Ecuadorian tropical region. However, it is worth noting that given the large number of biotic and abiotic factors (e.g., soil conditions, drought, competition, slope stability, herbivory, and parasites) that can affect plant viability and vegetative performance over time (Grissinger & Bowie 1984 , Watson et al. 1997 , Preti & Milanese 2007 , Reza Pezeshki et al. 2007 , it is highly advisable to plan long-term experiments under different environmental conditions. Tab. 1 -Terminal shoot length and stem diameter at terminal shoot base (mean ± standard deviation, n=88, 41, 92, and 73 for B. versicolor, E. cotinifolia, M. penduliflorus, and T. gigantea, respectively) 
